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Abstract

It was hypothesized that the Nedelsky versus the Angoff
methods (1) had lower intrajudge inconsistency, (2) lower
cutscores, and (3) lower cutscores especially for items
presenting a challenge to the judges. These hypotheses were
tested and supported in a sample of 22 graduate students serving
as judges to determine average performance level (not MPL) for

nine research methodology items using both methods. The more

consistent Nedelsky decisions are attributed to judges’ focused

use of response options as a consistent source of information. A

close scrutiny of the plausibility and similarity of distractors
subjects to a test the Nedelsky judges’ own item knowledge which,

when challenged, results in a low item difficulty estimate.
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A Comparison Between the Nedelsky and Angoff
Standard-Setting Methods
A large numbef of studies have been conducted to compare
various standard-setting procedures, particularly, the Nedelsky
(1954) and Angoff (1971) methods. The results are mixed. "able
1 summarizes the results of nine Nedelsky-Angoff comparison
studies identified in the past 30 years of psychometric
literature. As Kane (1994) pointed out, except for alerting the
public to the large discrepancies in passing scores associated
with different methods, the research has been inconclusive as to
which method should be preferred. The present study intended to
draw a more conclusive comparison between the Nedelsky and Angoff
methods by making two improvements.

Inprovements of the Present Study

First, the inconclusiveness of existing findings is due to
the lack of internal (Plake, Melican, & Mills, 1991) or external
(Kane, 1994) criteria without which it is impossible to decide
which method arrives at a more consistent and adequate passing
score (Kane, 1994). The best way to check for internal
consistency or intrajudge consistency of a standard-setting
process is to compare the judge rated minimum performance level
(MPL) with empirical item difficulty based on minimally competent
examinees. However, p-values of minimally competent examinees
are rarely available. Compromises are suggested by using p-value
estimates of the entire population (e.g., Cross, Impara, Frary, &

Jaeger, 1984) or estimates for a subgroup whose performance is
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Standard-Setting Methods 4
considered to best approximate minimum competency (e.g., Plake et
al., 1991). Both approaches have problems (see Plake et al.,
1991). The present study had judges determine average
performance level (APL) instead of MPL so that p-value estimates
for the entire population could be used as an adequate criterion
to evaluate the APLs yielded by the two contrasting methods.
Although setting an APL did~not exactly represent the usual
standard-setting objective, this approach did not change the
procedural features of the two standard-setting methods which
were being compared. Thus, the external validity of the
comparison was nearly not compromised. More importantly, the
internal validity of the study was improved by ensuring the
availability of an adequate objective criterion against which
intrajudge consistency of the comparing methods could be
conclusively evaluated.

Second, the present study improved the conclusiveness of a
comparison by having the same judges use both the Nedelsky and
Angoff methods. When different judges were employed to use
different standard-setting methods, differences among methods
could have been confounded by differences of judges. The
possibility of such a confound is underscored by many empirical
studies which have demonstrated the influence of judge
characteristics in setting standards (Behuniak, 1982; Busch &
Jaeger, 1986, 1990; Cross, Frary, Kelly, Small, & Impara, 1985;
Jaeger, 1982; Jaeger, Cole, Irwin, & Pratto, 1980, cited in

Jaeger, 1989; Roth, 1987; Plake, Impara, & Potenza, 1994;
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Standard-Setting Methods 5
Saunders, Ryan, & Huynh, 1981). Among these investigations,
Behuniak’s (1982) finding particularly warns of the danger of
confounding method differences by judge differences. Behuniak
(1982) had two groups of judges of three each use the Angoff
procedure and another two groups of judges of four each use the
Nedelsky procedure to set standards for a 9th-grade reading test.
Standards from each pair of the two groups using the same method
were significantly different. 1In fact, for some groups, the two
standards obtained using the same method showed larger
differences than standards obtained using different methods.

In light of Behuniak’s (1982) finding, same judges should be
used to draw any meaningful comparisons among standard-setting
methods. As Livingston (1982) stated, "These studies must use
the same judges to make both kinds of judgments, or else they
will not be able to separate the effects of different judges from
the effects of different methods" (p.6). Unlike some
experimental treatments which, when tested in a repeated measures
design, may produce unwanted carry-over effects, diffe.ent
standard-setting methods are not expected to influence each
other. Even if the experience with one standard-setting method
affects the use of another method, such influence is likely to
make the two resulting standards more similar than different.

The rationale behind a comparison among standard-setting
procedures is, by and large, an expectation of differences among
them. Thus, using a repeated measures design to investigate

differences among standard-setting procedures would help protect
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Standard-Setting Methods 6
Type I error in addition to strengthening the validity of a
comparative conclusion.
In addition to these improvements, the present study tried
to develop hypotheses to postulate expected differences between
the Nedelsky and Angoff methods prior to data collection.

Rationales and Hypotheses

Extending the research on decision making, Smith and Smith
(1988) postulated that the Angoff and Nedelsky methods directed
judges to different information when arriving at standards. They
hypothesized that Nedelsky judges made use of response options
almost exclusively as salient information in making decisions
whereas the Angoff judges used various other sources of
information. Their hypothesis was supported when tested in a
sample of 31 judges who were randomly assigned to either the
Angoff or Nedelsky method to set standards for a high school
reading comprehension test. Their finding underscores the
procedural difference between the two methods -- the Nedelsky
judges are instructed to evaluate the response alternatives
whereas the Angoff method does not restrict the judges to
specific features of an item. Because differences in the framing
of a task result in differential use of available information
(Smith & Smith, 1988), response option information, as shown in
Smith and Smith’s study, is not used exclusively in reaching an
Angoff decision. Although Smith and Smith (1¢88) implied in
their discussion that the Angoff method may prove more adequate

than the Nedelsky method because of its use of more varied
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information, such a conclusion, as the authors strongly
cautioned, is limited to the nature of tests and items. In a
reading comprehension test, for example, the length, readability,
and grammatical structure of a passage may provide salient
information on their own for a decision on item difficulty or
minimum performance level. However, in other short-answer tests,
such as science and mathematics, where a correct concept depends
on the matching of the stem of an item with one correct response
option, similarity and plausibility of response options represent
primary factors contributing to the difficulty or easiness of the
item. The Nedelsky judges’ reliance on the same salient source
of information in reaching decisions, as was found by Smith and
Smith (1988), is conducive to the internal consistency of the
Nedelsky judgmental process and will result in lower infrajudge
inconsistency. On the other hand, judgmental inconsistency may
possibly result from Angoff judges’ use of different sources of
information. Thus, for the short-answer items where the stem and
a response together form a complete concept or fact, the Nedelsky
decisions which are driven almost exclusively by evaluating the
plausibility and distinctiveness of response options are expected
to have lower intrajudge inconsistency than the Angoff ratings.

For both the Nedelsky and Angoff methods (as well as other
test-centered approaches) judges have to anticipate what the
targeting examinees can and can not do, an imaginary process that
is much subject to error, or intrajudge inconsistency. In the

Angoff method, one decision is made for each item, leaving no
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Standard-Setting Methods 8
room to balance out the error associated with the decision. 1In
the Nedelsky method, on the other hand, the final rating of the
item is, practically, an average of as many such error-prone
decisions as there are distractors of an item. Averaging serves
to reduce errors. For example, assume the truth is that the
targeting examinees do not stc 'd a chance of correctly answering
a four-choice item. An Angoff judge who erroneously rated 1.0
for the item would commit an intrajudge error of 1.0. To commit
the same magnitude of error, a Nedelsky judge has to make three
wrong decisions by erroneously crossing out all three distractors
none of which, as the truth dictates, the.targeting examinees are
able to eliminate. If the Nedelsky judge is right one of the
three times, the resulting intrajudge error shall be smaller than
that which is associated with the Angoff decision. Thus, by
using consistent information and by making multiple decisions,
the Nedelsky method was hypothesized to have lower intrajudge
inconsistency than the Angoff method (Hypothesis 1).

The impact of judges’ subject matter knowledge on standard-
setting has been shown in several studies (Busch & Jaeger, 1990;
Chang, Dzuiban, Hynes, & Olson, 1994; Cross et al., 1985; Jaeger,
1982; .avia & Vu, 1979; Saunders et al., 1981). For example,
Chang et al. (1994) found that judges tended to set high
standards for items they answered correctly and low standards for
items they answered incorrectly. Pavia and Vu (1979) observed
that Nedelsky judges had difficulties in separating their own

difficulty with items from rendering judgments on these items.
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Standard-Setting Methods 9

As the Nedelsky judges evaluate each response alternative of an
item, their knowledge underlying the item will be probed more
than that of the Angoff judges who are not requiréd to closely
review the response options. Possible difficulties Nedelsky
judges may experience with an item will thus be factored into the
MPL decision, resulting in » lower standard. In contrast,
potential doubt Angoff judges may have about an item could be
attenuated by the presence of a correct answer and the absence of
a scrutiny of the nuances among the alternatives. Thus, the lack
of expertise underlying an item will have less impact on an
Angoff than a Nedelsky decision. To put it differently, an
Angoff decision is primarily driven by confirming one correct
alternative whereas a Nedelsky decision is based on disproving
three (for a four-choice item) false alternatives. The judges’
underlying knowledge has a higher chance of being pfobed in the
Nedelsky than the Angoff procedure. If item-related Knowledge
indeed influences judges’ ratings as has been shown in the
literature, the Nedelsky method shall produce lower standards
than the Angoff method, especially for the items with which
judges have difficulties. It was hypothesized that a Nedelsky
cutscore was lower than an Angoff cutscore (Hypothesis 2) and the
difference was larger for items judges answered incorrectly than

for items judges answered correctly (Hypothesis 3).




Standard-Setting Methods 10
Method

Subjects

Subjects were 22 graduate students in education enrolled in
a research method course. They learned about and practiced the
Angoff and Nedelsky standard-setting methods in this course.
They conducted the standard-setting session during their final
exam for partial credit.
Items

Items were nine four-option multiple-choice items taken from
the final exam of these students. The items did not have "none
of the above" or "all of the above" as response options. These
nine items were also part of the final exam for previous students
taking the same course. There were data on 274 past examinees
(not including the 22 judges) responding to these nine items.
Item difficulties estimated from these 274 past examinees were
used as empirical p-values to evaluate intrajudge inconsistency
for both the Angoff and Nedelsky methods.
Procedure

After turning in the final exam, the students were given the
nine items from the exam on a separate sheet of paper with the
correct answers marked. They were asked to apply the Angoff
procedure on these items first. Instead of rating for minimum

competency, they were instructed to estimate the probability an

average student in this course would correctly answer each of the
nine items. After turning in the Angoff ratings, the student

judges were given another sheet of paper containing the nine
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Standard-Setting Methods 11

items with the correct responses marked. The students were
instructed to cross out the false responses they thought an

average student in this course would be able to eliminate. The

student judges were only asked to decide whether an average
student would be able to eliminate a false alternative; they were
not asked to calculate the Nedelsky rating for an item. This
instruction was intended to focus the judges’ attention on the
evaluation of alternative responses.

Results

An average squared deviation of item ratings from
corresponding empirical p-values was computed for both the
Nedelsky and Angoff methods:

8% = (X, - ¥)? + n

where X, is the Angoff or Nedelsky rating based on the 22
judges for item i; Y, is p-value based on 274 past examinees for
item i; n, is number of items, which is nine.

This variance estimate which is like the Euclidean distance
was used to measure intrajudge inconsistency. &% for the Angoff
method was 0.06 and for the Nedelsky method was 0.02. Taking the
square root of these variances yielded 0.24 and 0.14 which meant
the average deviation of cutscores from actual p-values was 2.16
items or 24% of the nine items for the Angoff method and 1.08 or
12% of the items for the Nedelsky method. Thus, intrajudge
inconsistency for the Angoff method was three times that of the
Nedelsky method. To test the first hypothesis that Nedelsky

ratings had higher internal consistency or lower intrajudge
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Standard-Setting Methods . 12
inconsistency, these two variance estimates were compared by
diviuing the larger by the smaller of the two to yield an F-
ratio. F (8, 8) = 3 was not significant, p<.05. The F-test was
not significant partly because the sample size of nine items was
extremely small.

The average of the p-values of the nine items based on 274
past examinees was 0.58. This number was almost identical to the
Nedelsky cutscore of 0.57. The Angoff cutscore (.71) however,
largely deviated from this empirical value. This evidence
further supported the first hypothesis that the Nedelsky
procedure resulted in smaller intrajudge inconsistency.

' The second hypothesis that the Angoff cutscore was higher
than the Nedelsky cutscors was tested and supported by a
dependent t-test comparing the two cutscores provided by the same
22 judges. The mean rating of the 22 judges or cutscore using
the Angoff method (0.71 or 71%) was significantly higher than
that using the Nedelsky (0.57 or 57%); t (20) = 5.44, p<.0Ol.

Additional t-tests were conducted to compare each of the
nine pairs of item ratings by the same 22 judges. These results
as well as means and standard deviations of the two methods and
empirical p-values are reported in Table 2. Four of the nine
rating comparisons were significant. They were from items having
low p-values. These results lend partial support to the third
hypothesis that there were larger differences between the Angoff
and Nedelsky methods (Angoff having higher standards) for more

difficult items. To further test this last hypothesis,
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information reported in Table 2 was broken down for judges who
answered the items correctly versus those who answered the items
incorrectly. These results are contained in Table 3. Although
for judges who correctly answered the items and those who did
not, their Angoff ratings were higher than their Nedelsky
ratings, the differences were much larger for judges who failed
the items. These results supported the third hypothesis.

Conclusion

Intrajudge inconsistency was lower for the Nedelsky than the
Angoff methods. The Nedelsky standard-setting procedure is more
internally consistent possibly because judges use the same source
of informaticn in making decisions. In this method, Jjudges are
instructed to cross out false alternatives that they think a
minimally competent examinee is capable of eliminating.
Corresponding to this specific instruction, judges’ cognitive
process is focused on studying the plausibility and similarity
among the alternatives and nothing else. 1In fact, in the
reported standard-setting practice, judges did not have to divert
their attention to actually calculating the Nedelsky rating for
each item. All they did was to cross out the response options
which they thought the targeting examinees were able to
eliminate. Future standard-setting activities can adopt this
method to focus judges’ attention on the most important task.
Th : low intrajud,2 inconsistency of the Nedelsky method might
also be explained by the counter-balancing effect of multiple-

decision making. For a four-option item, the MPL derived from

14




Standard-Setting Methods 14
the Nedelsky procedure is the sum of three decisions. Intrajudge
inconsistency associated with the final MPL may be ameliorated to
the extent that not all three decisions are incorrect. For the
same item, the Angoff MPL represents one decision with one error
which can not be adjusted.

However, the multiple Nedelsky decisions associated with an
item are dichotomous, limiting their counter-balancing potential.
The dichotomous decisions also result in a fixed number of MPL
values. For a four-choice item, there are four possible MPL’s --
0.25, 0.33, 0.5, énd 1.0. These numbers or any fixed numbers do
not represent the reality where probability ranges from 0.25 (for
guessing) to 1 that a targeting examinee can correctly answer the
item. The discreteness of the probability values produced by the
Nedelsky method has been criticized (e.g., Brennan & Lockwood,
1981). Researchers have suggested modifications of the Nedelsky
method that produces more continuous probability values (Gross,
1983; Saunders et al., 1981). One improvement would be to change
the dichotomous decision regarding an examinee’s ability to
eliminate a distractor into a probability decision. The MPL for
an item will be the sum of the probabilicies of successfully
eliminating all the distractors plus one (for guessing) divided
by the number of response options. For a four-option item, the
MPL will be the sum of the probabilities associated with the
three distractors plus one divided by four. This modification of
the Nedelsky method will produce a continuous MPL ranging from
.25 to 1.0. More importantly, the counter-balancing power of the

1o




Standard-Setting Methods 15

multiple decisions will be maximized.

The standard derived from the Angoff procedure was higher
than that derived by the same judges using the Nedelsky
procedure. This finding is consistent with a seeming majority of
the results in the literature. A more important finding,
however, is that the Nedelsky method yields a cutscore closely
approaching the actual performance of the examinees whereas the
Angoff cutscore deviates greatly from examinees’ actual
performance level. At least for the short-answer items as those
employed in this study, it is concluded that the Nedelsky method
produces more adequate and more consistent standards than the
Angoff method.

This study also demonstrates that the difference between the
Nedelsky and Angoff methods changes as a function of judges’
item-related knowledge. As hypothesized, the difference between
the Nedelsky and Angoff standards increases for judges who have
difficulties answering the items correctly themselves. This
finding confirms the influence of judges’ content knowledge in
standard-setting. Logically, judges set higher standards for
items of which they possess the underlying knowledge and set
lower standards for items of which they lack the underlying
knowledge. This influence is more pronounced in the Nedelsky
procedure in which going through response alternatives subjects
judges’ item-related knowledge to a direct test. When judges do
not know the answer to an item, an awareness of the lack of

knowledge brought about or reinforced by the Nedelsky procedure
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Standard-Setting Methods 16

makes judges set a lower estimate of item difficulty. On the
other hand, judges who possess the underlying Kknowledge of an
item can come to view the item as more difficult as they go
through the "tricky" alternatives. 1In the Angoff method which
does not require a rigorous evaluation of the plausibility and
similarity among alternative responses, judges’ decisions may be
predominantly driven by the plausibility of the correct answer
that is presented to them. Without the scrutiny of the
alternatives of an item, judges’ potential lack of the underlying
knowledge could escape their awareness. Some of the nearly
plausible distractors of an item can indeed represent elements of
the underlying knowledge of which judges are less confident. The
absence of a close scrutiny of these alternatives and the
presence of the reasonableness of the correct answer could make
the judges overestimate the easiness of the item and consequently
set a higher standard. Thus, when an item presents a potential
challenge to the judges, the challenge has a higher chance of
being factored into a Nedelsky than an Angoff decision. When
judges have no difficulty with an item as shown, in this study,
by their correct response to the item, the difference between the
Angoff and Nedelsky decisions is reduced. However, even in this
situation, the Nedelsky procedure still yields a lower standard
than the Angoff method because similarity of alternatives adds
challenge to the item and the Nedelsky method which is designed
to tune in to such similarities is more 1likely to factor in this

added difficulty. As Burton (1978) and Gross (1982) have pointed
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Standard-Setting Methods 17
out, the Nedelsky method correctly addresses the fact that
multiple-choice item difficulty is a function not only of the
complexity of the tested concept but also of the plausibility of
the distractors.

The pronounced influence of judge competency on standard-
setting in the Nedelsky method seems to be a desirable feature in
the context of the present study. This conclusion is supported
by the finding that the Nedelsky method in this study yielded a
standard that was almost identical to the actual performance of
the examinees. Additionally, this conclusion is supported by the
finding that judges’ item performance also closely matched the p-
values of the targeting examinees. When judges’ item difficulty
represents that of the examinees, a cutscore influenced by
judges’ test performance shall be adequate for the performance of
the examinees. However, this conclusion is limited to the
context of this study where, in a way, judges were asked to set a
standard fér themselves. The ability level of an "average
examinee” stands closer to the performance level of the judges
than that of a minimally competent examinee. Thus, this
conclusion is not directly generalizable. However, even though
the absolute differences among item difficulties perceived by the
judges are different than those experienced by minimally
competent examinees, the relative differences among item
difficulties can be expected to be the same for both judges and
examinees. Thus, if judges can successfully determine the level

of minimum competency in relation to competency which the judges

b




Standard-Setting Methods 18
are selected to represent, estimating item difficulty for the
former constitutes subtracting a constant from the item
difficulty of the latter. The constant represents the distance

between minimum competency and competency. In fact, when judges

set standards, they consciously or unconsciously engage
themselves in such a process of inferring the item difficulty
from their experience or competency to that of the targeting
examinees or minimum competency.

This study shows a clear superiurity of the Nedelsky
standard-setting method over the Angoff method -- the Nedelsky
item ratings match the empirical p-values much more closely than
the Angoff ratings. The superior result of the Nedelsky
standard-setting method is attributed to the evaluation of the
plausibility and similarity of the distractors. This activity
forces judges to use a more consistent source of information in
reaching decisions. It also probes judges’ knowledge underlying
an item so that judges gravitate toward factoring into their MPL
decisions possible difficulties they themselves experience with
the item. However, this study did not empirically test these
possible contributors to the observed differences between the
Nedelsky and Angoff methods. Like any non-experimental research,
the present study suffers from the weakness of trying to infer,
inversely, from the effect to its possible causes. Such inverse
inference exists in almost all existing studies on standard-
setting that tried to explain the differences between contrasting

methods. Future research should aim at experimentally
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manipulating the independent variables suggested by this study to

determine their causal relations to standard-setting.
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Standard-Setting Methods 27

Table 2

Item Difficulty (P), Minimum Pass Level (MPL), Standard Deviation

(SD), and T-Test Comparing Angoff and Nedelsky MPL

Item Pl P2 Angoff Nedelsky T-Test
MPL SD MPL SDh
1 .76 .53 .73 .21 .67 .30 1.13
2 1.00 .76 .80 .15 .85 .26 1.07
3 .81 .61 .68 .21 .58 .26 1.64
4 .81 .62 .67 .22 .54 .28 2.60%
5 .48 .36 .65 .22 .44 .25 3.24%*
6 .29 .11 .74 .17 .33 .10 7.35%
7 .95 .82 .73 .19 .57 «26 2.70%
8 .57 .66 .69 .22 .56 .33 1.90
9 .67 .76 .68 .25 .61 .29 1.06

Note. P1 = Item difficulty based on the 22 student judges who
provided the Angoff and Nedelsky ratings. P2 = Item difficulty
based on 274 past examinees.

*p<,.05, two-tailed test.
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Table 3

Number of Judges (n), Minimum Pass lLevel (MPL), and Standard

Deviation (SD) from Judges Who Answered the Items Correctly and

Judges Who Answered the Items Incorrectly

Judges Who Answered the Items

Correctly Incorrectly

Item n; Angoff Nedelsky n; Angoff Nedelsky

MPL SD MPL SDh MPL SD MPL SD
i 16 .77 .20 .77 .27 5 .60 .20 .37 .13
2 21 .80 .15 .85 .26 0 - -- -— -
3 17 .66 .21 .65 .23 4 .76 .19 .29 .05
4 17 .72 .21 .60 .28 4 49 .16 .31 .04
5 10 .67 .18 .62 .27 11 .62 .26 .29 .08
6 6 62 21 43 11 15 .79 .12 .29 .07
7 20 .73 .19 .58 .26 1 .80 .00 .25 .00
8 12 .78 .22 .76 .31 9 .57 .15 .29 .08
9 14 .72 .27 .75 .26 7 .61 .21 .34 .11




